INTRODUCTION
Quantitative aspects of the phage-cell growth system are most conveniently studied by means of the one-step growth experiment of Ellis and Delbrack.l)
With respect to the phages of butanol-pro ducing bacteria, Gold and Watson2) referred a little to the growth of the phage A of Cl. madisonii. Kinoshita and Teramoto3) studied on some aspects of the growth of the phage a of Cl. acetobutylicum, especially on the effect of ions on the growth of the phage.
However, the growth characteristics of the phages of anaerobic bacteria, including the butanol-producing bacteria, have not been studied on the level of one-step growth because of technical difficulties derived from the anaerobiosis of the host bacteria. The purpose of the present paper is to determine how to adapt the one-step growth technique to the phage-host systems 'of anaerobic bacteria, and to elucidate the aspects of the growth of the HM-phages of Cl. sac charoperbutylacetonicum using this modified technique.
MATERIALS AND METHODS

Phages and Bacteria
Following three phage-host systems reported pre viously4) were used as the representatives among HM-phage-host system; phage HM 2 (of group I) Horiba glass electrode potentiometer. The pH of bacterial culture prepared above was adjusted with N-hydrochloric acid or N-sodi um hydroxide, and these cultures were allowed to stand for 10 minutes at 30°C. Phage suspension adjusted to a given pH was then mixed with bacterial suspension, and unad sorbed free phages were assayed 5 minutes later.
The pH values of the mixtures were constant throughout the experiments.
The results of phage HM 2 are given in Table I . The phage was adsorbed at maximum velocity at pH 5.96.6.
The adsorption rate fell off somewhat on each side of these pH. However, the adsorption rate of the phage was not mark edly affected by pH.
The similar results were obtained on the other two HM-phages.
Effect of Temperature on Adsorption of Phage Effect of temperature on the adsorption of HM-phages was investigated. Experiments were carried out at various temperatures be tween 22°C and 40°C, and the unadsorbed free phages were assayed 5 minutes later. The results of phage HM 2 are given in The adsorption at pH 6.2 was represented as 100%.
The adsorption at 30°C was represented as 100%.
obic bacteria, anaerobic incubation of infected bacteria was essential. When one-step growth experiment was carried out without anaerobic conditions, the number of infected bacteria reduced at a linear rate to zero in about 2 hours. Addition of a reducing compound, e.g., sodium thioglycollate, to the medium was inavailable.
The methods in which the infected bacteria were anaerobically incubated in sealed jar were not employed. Sampling at known time intervals was impossible in these methods, unless the anaerobic condition was broken.
In this proposed method, anaerobiosis was achieved by bubbling nitrogen gas into the medium in the growth tube.
The volume of the gas was required about 5ml per second in 10ml of medium.
When the volume of the gas was less, the latent period was ex tended and the burst size was decreased. Nitrogen gas in lower purity did not give good result.
The other inert gases, e.g., hy drogen or carbon dioxide, may be available, if they are in high purity.
Bubbling the gas into the medium did not produce effect on both the free phage particles and the infected bacteria, i.e., the inactivation of free phages for 4 hours and the loss of the infected bac teria during the latent period were not observed.
One-step Growth Curves Typical one-step growth curves of the three HM-phages are presented in Fig. 2 . From the curves it is obvious that among the three phages there were differences in both latent period and burst size. However, the average rise periods for the three phages were nearly the same. With phage HM 2 the minimal latent period was about 45 minutes, the rise period was about 70 minutes, and the burst size was approximately 500. The burst size of this phage is larger compared with that of the phages of aerobes.
With phage HM 3 the minimal latent period was about 90 minutes, the rise period was about 70 minutes, and the average burst size was approximately 
